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Unit 13 


Sides And Angles A 
Of A Triangle — 


THEOREM 13.1.1 


If two sides of a triangle are unequal in length, 


the longer side has an angle of greater measure 
opposite to it. 
Solution: 


Given: 

In AABC, 

m AC >m AB 
To prove: 

mZABC > mzACB 

Construction: 

On AC taking 
AD = AB. Join B and Dy. 
so that AADB is an isosceles Sangle. 


Proof: 
5 aments Reasons 
MGABD | 


[m21 = m42 (i) Angles opposite to congruent 
| sides; 
‘In ABCD l 


m42 > MLACB 000.0... (ii) |An exterior angle of triangle is 


greater than every non 
|adjacent interior angle. 
m41 > mZACB ...... "a (i) and (ii) 


mZABC = m41 + m4DBC 


aiai A a Siac pee A 
= . 
i “ 


Postuiate of addition of 
| measure of angles. 

| mZABC > m1... (iv) By (ii) and v) 
or mZABC > mZACB Transitive property of 


inequality of real numbers. | 


cares a a ee ee CORR, aR oe 
— — 
ee He AS, 
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THEOREM 13.1.2 — 
Converse of ` 
THEOREM 13.1.1 


If two angles of triangle are unequal in measure, 
the side opposite to the greater angle is longer 
than the side C 
opposite to 
the smaller 
_ angle. 
Given: In A ABC 
mZA > méB 
To prove: A 
BC > mAC awe << 
Proof: TI Ne 


| ~ Statements 


If mBC *% mAC , then cc. W 
either (i) mBC =mAC _ @ [/4fichotomy property of real 
<> \|Numbers. 


or (ii) m BC < mål qo 
From (i) If mBC= mAC 
m ey Ween 


Angles opposite to . 
congruent sides are 
congruent. 

Contrary to what is given. 


which is impossible 
From (ii) if mBC < mAC, then 
mZA<mdzB 


The angle opposite to 
longer side is greater than 
angle opposite to smaller 
side 


This is also impossible to 
contrary to what is given 
m BC + mAC 

and mBC t mAC 
Hence m BC >m AC 


Trichotomy property of real 
numbers. 
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THEOREM 13.1.3 


The sum of lengths of any two sides of a triangle 
is greater than the length of the third side. 
Solution: B 
Given: ` 
A triangle ABC 
To prove: 
(i) mAB + mBC > mAC 
(ii) =mAC + mAB > mBC 
(iii)  mAC + mBC > mAB ` 
Construction: A D C 
Draw the bisector of 
4B to meet the side AC at the 


point D. 
Proof: 
Statements 
in A CBD IEND | 
m43>m42 ....:.. (X) Exterior angle is greater than 
< X> Įnon adjacent interior angle 
m42 = mll SA. (ii) Construction 
~ m3 »m4l By (i) and(ii) 
and-mAB > mAD ...... (ii) |In A ABD the side opposite to 
similarly the larger angle is greater 
mBC > mDC than that of the side opposite 


to the smaller angle. 
mAB + mBC >'mAD + mDC |Adding (iii) and (iv) 
or mAB + mBC > mAC ~ mAD +mDC = mAC 
Similarly by drawing angle 
bisector of 2A and 4C it can 
ibe proved that _ _ 
mAC + mAB > mBC 
and mAC +mBC > mAB 
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mZBCD >=m<CBD . 
BD > DC 
Opposite sides of the angles. 


THEOREM 13.1.4 | 


From a point, outside a line, the perpendicular is 


the shortest distance from the point to the line. 
Solution: 


Given: 

Aline AB anda 
point C (not lying on AB) 
and a point D on AB 
such that CD is 


perpendicular to AB. 
To prove: 
mCD is the 
shortest distance from te hE 
point C to the line AB Be a E D t 
Construction: ©: > a 
Ue a {point E on AB. Join C and.E to get a A CDE. 


if robe 
mzZCDB > mzCED 


An exterior angle of a 
triangle is greater than every 
non adjacent interior angle. 
Supplement of right angle. 


But mzCDB = mZCDE 
mZCDE > m4CED 
or mCED < m4CDE 


Reflexive property of 
inequality 

Side opposite to greater 
angle is greater. 


or mCD<mCE 


BUT E was any point on AB 
Hence mCD is the shortest 
distance from C to AB. 
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EXERCISE 13.1 


Two sides of a triangle measure 10 cm and 15 


Qi. 
cm. Which of the following measure is possible 
for the third side? 
(a) 5cm (b) 20cm (c) 25cm (d) 30cm 
Solution: 
(a) Measure of sides are 10 cm, 15 cm and 5 cm 
As 10+5=15 
Since the ‘sum of two sides is equal to the third side 
therefore: 
So 5 cm is not possible. 
(b) Sides are 10 cm, 15 cm and 20 cm 
10+15 > 20 
10+ 20> 15 
15+20> 10 
Since the sum of two sides is TORY than hird side 
therefore: À 
20 cm is possible for third. ide. 
(c) Sides are 10 cm, 15 em n and 25 cm 
As 10 + 45= BEN 
Since thec ‘sum “of two sides is equal to the third side 
therefore: ‘i 
SO y / 25 cm is not possible. 
(dy) E Sides are 10 cm, 15 cm and 30 cm 
10 +15 < 30 
Since the sum of two sides is equal to the third side 
therefore: 
So 30 cm is not possible. 
Q2. O is interior point of the AABC. Show that 
mOA + mOB + mOC > = (mAB + mBC + mCA) 
Solution: 
Given: 
O is a point in side a triangle ABC. O is joined with A, B 
and C. 
To prove: _ 


mOA + mOB + mOC > - ~- (mAB + mBC + mCA) 
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A 


B C 


Statements 
In AOAB 


mOA + mOB > mAB 


Proof: 


In a triangle the sum of 
measure of two dies is 
greater than measure of 
third side 


In AOBC 


mOB + mOC > mBC 
In ACOA 
mOC + mOA > mAC 
Adding (i), (ii), (iii) 

2(mOA + mOB + mO6),. 
> mAB + mBC 


bei i 
or nh Fd + mOC > | Dividing both sides by 2 
AB+mBC+mCA) ooo 
Q3. In the AABC, m<B = ¿B = 70 and mz = C= 45°. Which of 
the sides of the triangle is longest and which is 
the shortest? 
Solution: 
mZB = 70 
mzC = 45° 
mZA+mzB + mC = 180° 
mZA+70° +45 = 180 
mZA+115 = 180° 
mzA = 180 —115° = 65 
Since the largest angle is B. So the longest side is 
opposite to B is AC (Longest) 
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Since the smallest angle is C. So the shortest side is 


opposite to C is AB (Shortest) 
Q4. Prove that in a right-angled triangle, the 
hypotenuse is longer than each of the other two 
sides. A 
Solution: 
i In the right angled 
triangle ABC, m<B = 90° and AC 
is hypotenuse. 
ZA and <C both are acute 
“ m4B > m4A 
And m4Bm4zC 
; 4B is the largest angle c B 
Side opposite to 4B 
Which is hypotenuse is longer than each of 
two sides. ! S 
Q5. -In the triangle figure, AB > AC. the 


BD is bisector of 2B 
mZABD = mZCBD 


So m<CBD = >mzABC 
Similarly as CD is bisector of 4C. 
So mZBCD = -mZACB 

It is given that AB > AC 


ACB < ABC Opposite angles 
=»  >mACB >>mABC 
ACB < ABC Opposite angles 


SEDINFO.NET 


StudyNowPk.COM 


mZBCD >=m<CBD . 
BD > DC 
Opposite sides of the angles. 


THEOREM 13.1.4 | 


From a point, outside a line, the perpendicular is 


the shortest distance from the point to the line. 
Solution: 


Given: 

Aline AB anda 
point C (not lying on AB) 
and a point D on AB 
such that CD is 


perpendicular to AB. 
To prove: 
mCD is the 
shortest distance from te hE 
point C to the line AB Be a E D t 
Construction: ©: > a 
Ue a {point E on AB. Join C and.E to get a A CDE. 


if robe 
mzZCDB > mzCED 


An exterior angle of a 
triangle is greater than every 
non adjacent interior angle. 
Supplement of right angle. 


But mzCDB = mZCDE 
mZCDE > m4CED 
or mCED < m4CDE 


Reflexive property of 
inequality 

Side opposite to greater 
angle is greater. 


or mCD<mCE 


BUT E was any point on AB 
Hence mCD is the shortest 
distance from C to AB. 
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EXERCISE 13.2 


Q1. In the figure, P is any point and AB is a line. 
Which of the following is the shortest distance 


between the point P and the line AB. 
(a) mPL (b) mPM (c) mPN 
Solution: p 


(d) mPO 


L 
ie know that form a point ) | outside. a line, the 
perpendicular is the. Sva. áa diStance from the point to 
the line. 
As PN iS- SM Micutar to AB 
SaL, -PNi is the shortest distanċe. 
Q2. In the figure, P is any point lying away. from the 
/ fine AB. Then mPL will be the sore distance 


if 
(a) mZPLA = 80° 
(b) m2ZPLB = 100° 
(c) mzPLA = 90° 
Solution: 
We know that for a point 
outside a line, the shortest 
distance from the point to the 
line is perpendicular to the line. 
As mPLis si --rtest, A L B 
So PLis perpendicular to AB. 
So  mZPLA = 90° 
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Q3. In the figure, PL is perpendicular to the line AB 


and mLN > mLM. Prove that mPN > mPM. 
Solution: 


P 


Given: 


PL is perpendicular to ABandmLN > mlM. 
To prove: e N 


mPN > mPM 


| Statements -A R 

In ALPN PR. 

mZPLN = 90° 
1 0 


ÊT mZPMN < 90° (ii) 
In 


APMN 
mZPMN > mZPNL from (i) and (ii) | 
| mPN > mPM Opposite sides | 


REVIEW EXERCISE 13 


Q1. Which of the following are true and which are 
false? 

(i) | The angle opposite to the longer side is greater. 

(ii) In a right-angled triangle greater angle is of 60 . 

(iii) In an isosceles right-angled triangle, angles other than 
right angle are each of 60 . 
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Q3. In the figure, PL is perpendicular to the line AB 


and mLN > mLM. Prove that mPN > mPM. 
Solution: 


P 


Given: 


PL is perpendicular to ABandmLN > mlM. 
To prove: e N 


mPN > mPM 


| Statements -A R 

In ALPN PR. 

mZPLN = 90° 
1 0 


ÊT mZPMN < 90° (ii) 
In 


APMN 
mZPMN > mZPNL from (i) and (ii) | 
| mPN > mPM Opposite sides | 


REVIEW EXERCISE 13 


Q1. Which of the following are true and which are 
false? 

(i) | The angle opposite to the longer side is greater. 

(ii) In a right-angled triangle greater angle is of 60 . 

(iii) In an isosceles right-angled triangle, angles other than 
right angle are each of 60 . 
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(iv) A triangle having two. congruent sides is called 
equilateral triangle. 

(v) A perpendicular from a point to line is shortest distance. 

(vi) | Perpendicular to line form an angle of 60°. 

(vii) A point outside the line is collinear. 

(viii) Sum of two sides of triangle is greater than the third. 

(ix) |The distance between a line a point on it is zero. 

(x) Triangle can be formed of lengths 2 cm, 3 cm and 5 cm. 


Solution: 

| ü) F | (iii) T oF at 
vii) F | (viii) T | (ix) T 

Q2. What will be angle for shortest distance from an 


„outside point to the line? 


Solution: as 
The shortest distance between a aw and d-a ine 


is 90. 


Q3. If 13 cm, 12 cm 


es Hy a triangle is less than 
e third side. 


Let the tnree sides be 
a= 13cm,b = 12cm,c = 5cm 
a-—-b=13-12=1<S=c 


ie a-b CC o ann (i) 
12-5=7<13 
ie.  D—O SG aana. (ii) 


and 13-5: 68<12 

i.e. a-c<b 

From (i), (ii) and (iii) we find that the difference of 
measures of any two sides of a triangle is less than the 
‘measure of the third side. 
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Q4. 


If 10 cm, 6 cm and 8 cm are the lengths of a 
triangle, then verify that sum of measures of two 


sides of a triangle is greater than the third side. 
Solution: 


Let the measure of the sides of the triangle be 


a=i0cm, b=6cm, c=8cm 
19+6=16>8 

atb< ese (i) 
6+8= 14> 10 

DAC — srera (ii) 
8+10=18>6 

c+a>b 


From (i), (ii) and (ii) we conclude that the sum of 
Ae of two sides of a triangle is greater than the third 
side. we 


Q5. 3 cm, 4 cm and 7 cm are not ole figths of a 
triangle. Give the reason. | (ys 


Let a=3cm, 


N 


VAN” 


Sinc& we know that for a triangle sum of measures of 


two_sideSishoutd be greater than measure of the third side. 
Je34+4+7 
So 3 cm, 4 cm and 7 cm are not the lengths of the 
triangle. l 
Q6. If3cm and 4 cm are the lengths two sides of a 
right angle triangle then what should be the 


third length of the triangle. 


Solution: 
Let the three sides be 
s 32 4 4? = a? (Pythagoras theorem) 
9 +16 =a? 
a? = 25 
= a=5 


The third leggth is 5 cm. 


SEDINFO.NET 


